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INTRODUCTION 
The major portion of common swine diets is composed of 
carbohydrates or energy producing nutrients. Since feed 
expense is 70 to 75^ of swine production costs, it is impor­
tant to avoid over-supplying nutrients. Once the animal's 
nutrient requirements are furnished, any excess is wasted by 
excretion or by deposition of unwanted fat. The energy 
system has been employed in formulating swine diets, and is 
considered more precise than the previously used TDN system. 
Net energy or energy which is not lost during digestion and 
metabolism is considered to be the most accurate method of 
formulating swine diets since all the energy is accounted 
for. However, very few studies have been reported in the 
literature dealing with net energy utilization with swine. 
The objectives of the study reported here were: (l) 
determine the digestible energy (DE), metabolizable energy 
(ME), and net energy (I'JE) of a basal diet; (2) determine if 
dilution of the basal diet would affect energy retention; 
and (3) determine the DE, ME, and FLE values of feedstuff3 
commonly incorporated in swine diets. 
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REVIEW OF LITERATURE 
History 
Ijavoisier and Laplace in 1780 were the first to use 
direct calorlmetry in studies with guinea pigs. Later Armsby 
and Fries (1915) determined net energy (NE) values of feed-
stuffs for cattle by respiration calorimetry. These tech­
niques, although accurate, are expensive, tedious, and 
laborious so other methods for evaluating feeds were sought. 
The total digestible nutrient (TDN) system was sug­
gested early in the 20th century through the efforts of 
Wolff (Tyler, 1959). The TDN value of a feedstuff is cal­
culated by adding the digestible protein, digestible fiber, 
digestible nitrogen free extract (NFE), and digestible fat. 
The digestible fat is multiplied by 2.25 because it contains 
2.25 times more energy than carbohydrates. 
At approximately the same time that the TDN system was 
introduced, Keliner proposed the starch equivalent system as 
a method for assessing the value of feeds. This method used 
starch as the standard for observing animal performance, and 
other nutrients were compared with it. A system similar to 
this was the Scandinavian feed unit, which used barley as 
the standard. Atwater developed the physiological fuel 
values for human nutritional studies. He used values of 4, 
9, and 4 kcal/g for carbohydrates, fats, and proteins, 
respectively, to evaluate the energy in foods. 
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The TDN system prevailed in the U. S. and has been the 
primary feeding standard when formulating animal rations. 
However, it was recognized that the TDN system did not 
accurately define feeding values. The major limitations of 
the TDN system are that it overestimates the productive 
value of forages, it is ineffective in substituting different 
feeds in livestock rations, and it ignores the variation 
among feeds in energy losses via urine, gas, and heat pro­
duction. Maynard (1955) reviewed TDN as a measure of food 
energy. He felt that the term TDN was not accurate and that 
much confusion had arisen from its use. 
Mitchell (19^2) outlined procedures to perform trials 
to evaluate feeds on an energy basis. He encouraged re­
searchers to conduct digestibility trials to get the most 
information on a feedstuff. Later, Lofgreen (l95l) sug­
gested the use of DE in the evaluation of feeds. He stated 
that DE is affected only by the organic matter of a feed and 
that the bomb calorimeter would give proper heat of com­
bustion values to the various nutrients. Thus, the calori-
metric method would be more accurate than determining TDN. 
A conversion factor of l8l4 was used to convert percent 
TDN to kcal DE/lb. This fignare was based on Atwater' s phy­
siological fuel value of 4 kcal/g for carbohydrates mul­
tiplied by 453-6 g/lb. This calculation would put digestible 
protein and digestible fat on a carbohydrate equivalent and 
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thus undervalue feeds. Maynard (1955) provided support for 
the conversion term of 4.58 kcal/g TDN (1987 kcal/lb). 
Crampton^ Lloyd and MacKay (1957) conducted digestion trials 
with swine to determine TDN and DE values. The experimen­
tally determined DE values were compared with DE values cal­
culated from percent TDN. The two values were found to be in 
good agreement and averaged 4.5 kcal DE/g TDN. Boenker, 
Tri bble and Pfander (1969) performed a similar trial with 
swine and obtained an average conversion factor of 4.4 kcal 
DE/g TDN. Supporting evidence was obtained by Swift (1957) 
who collected 312 samples; 50 values for cattle fed roughage, 
71 values for cattle fed mixed rations, and I9I values for 
sheep fed roughage. The values Swift obtained were 1996, 
1982, and 2007 kcal DE/lb TDN, respectively (4.40, 4.37j and 
4.42 kcal DE/g TDN). 
In 1958 the Committee on Animal Nutrition passed a 
resolution to use the caloric system. Consequently, during 
the past 10 to 15 years nutritionists have been involved in 
the conversion from the TDN to the caloric or energy system 
in describing the value of feeds and animal requirements. 
The energy system 
The conventional scheme used for the energy system as 
outlined by Harris (I966) is as follows: 
Gross energy (GE) is simply the heat of combustion of 
the feed. It is determined by completely combusting a 
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sample and measuring the heat produced. The GE per unit of 
feed times the amount consumed gives the GE intake of the 
animal. The GE value has little nutritional significance, 
since the energy in a feed with a high GE value is not 
necessarily well utilized. However, it is the starting point 
and must be determined when conducting energy studies. 
Digestible energy (DE) is that portion of the energy 
consumed which is not recovered in the feces. The term im­
plies absorption as well as digestion. The value generally 
obtained is an apparent rather than a true value since it 
doesn't correct for body excretions into the digestive tract 
such as juices and enzymes secreted by the digestive tract 
wall, abrasion of the intestinal wall or bacteria contained 
in the tract. DE values are comparable to TDK values in 
describing the energy value of a feed. 
Metabolizable energy (ME) is obtained by subtracting 
fecal energy, urinary energy, and energy in the gaseous 
products of digestion from the GE. The gaseous products of 
digestion are assumed to be negligible in nonruminants and 
are ignored; however, in ruminant studies, the gaseous prod­
ucts must be considered as they can make up as much as 20^ 
of the GE. Again, the value generally obtained is an 
apparent value. To obtain a true ME value one must correct 
for the amount of nitrogen lost or retained by the body. The 
correction for nitrogen balance is made because the animal 
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does not oxidize protein as completely as the bomb calori­
meter, but excretes nitrogenous products, namely urea. The 
caloric value associated with urinary nitrogen is used for cor­
rection since this is the best estimate of the caloric value of 
the various nitrogenous end products of protein catabolism. 
Using rats, Metta and Mitchell (1954-) found that the 
energy Ara lue of urinary nitrogen averaged 6.29 kcal/g while 
May and Nelson (1972) obtained an average urinary energy 
value of 10.12 kcal/g nitrogen excreted. Diggs (1959) ob­
served that pigs excreted an average of 6.77 kcal/g of 
urinary nitrogen in the urine. Regression equations for 
estimating urinary energy from urinary nitrogen content have 
been developed for ruminants (Paladines et aJ., 1964; Street, 
Butcher and Harris, 1964) and for rats (May and Nelson, 
1972). 
Net energy (NE) is the difference between ME and heat 
Increment (Hi), and is the portion of the GE which the 
animal can utilize for maintenance and production. NE is 
the most accurate evaluation of a feed because it accounts 
for all the losses associated with digestion and metabolism. 
The HI is the increase in heat production following 
food consumption when an animal is in a thermoneutral environ­
ment . It is composed of the heat from microbial action in 
the GI tract plus the heat produced from the utilization of 
absorbed nutrients. 
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Net energy is generally partitioned into NE for main­
tenance (NEJJJ) and NE for production (NE^). NE^ is the frac-
ti on of NE used to keep the animal in energy equilibrium, 
and consists of basal metabolism, energy for voluntary act­
ivity, and energy required to keep the body warm or cool. 
NEp is the portion of NE which is used for production 
(growth, milk, eggs, wool, etc.)' 
Determination of the energy value of feeds 
In the early work, Mitchell and Hamilton (1935) deter­
mined that oat hulls and alfalfa meal had ME values of II66 
and 1624 kcal/kg, respectively, for swine. Later, Garrigus 
and Mitchell (1935) obtained ME values for whole yellow corn 
and finely ground yellow corn of 3662 and 5791 kcal/kg, 
respectively. It is surprising that since that time much of 
the energy work with swine has dealt with the utilization of 
fibrous feeds (Woodman and Evans, 1947a,b; Forbes and Hamil­
ton, 1952; Teague and Hanson^ 195^; Hanson ^  . 1956,; 
Jensen, Becker and Terr111, 1959; Cunningham, Friend and 
Nicholson, I96I,  1962). Diggs (1959) and Tollett (I961) 
hav^ probably contributed the most information on the ME 
values of practical swine feeds. 
Fraps and Carlyle (19^1), using chicks, determined the 
energy values of several feedstuffs. The value of the feed 
was based on its ability to produce gains in the form of 
flesh and fat; this value was expressed in kcal and called 
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productive energy. These workers used the comparative 
slaughter technique or difference trial to determine the 
amount of gain produced by a feed. 
The comparative slaughter technique has become a common 
technique in the determination of NE values of feedstuffs. 
Basically, a representative sample of the animals are slaugh­
tered at the beginning of the trial and body composition is 
determined. The rest of the animals are fed their respec­
tive diets. At the end of the trial all animals are slaugh­
tered and their body composition determined. 
I»Jhen a ration is fed at two levels above maintenance, 
the NEp of the feed increment can be determined by sub­
tracting the energy retention produced by the lower level of 
intake from the energy retention at the higher level of in­
take (Lofgreen and Otagaki, i960). The gain is attributed 
to the increased increment of feed. 
Since animals of different size and weight will have 
different NE^ requirements, calculations are performed on a 
metabolic weight basis (W^^) which puts all animals on an 
equal basis (Kleiber, 19^7). 
It has been observed (Lofgreen and Garrett, I968) that 
heat production of the body plotted against ME intake^ on a 
metabolic unit basis, gives a linear relationship. There­
fore, if two or more feeding levels are employed, one can 
estimate the NE^ by extrapolating the line to zero feed 
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Intake. At zero feed intake HI is zero, and the amount of 
feed required to maintain energy equilibrium may be con­
sidered to have a value equal to the heat production 
at zero energy intake. 
Determining the body composition of an animal has prob­
ably been the greatest problem in the determination of NE 
values, particularly in the larger species. Complete 
chemical analysis is the most accurate method for determin­
ing body composition; however, it is destructive, labor­
ious, time-consuming, and expensive, hence the search for 
other techniques was initiated. 
Pace and Rathbun (19^5) found that guinea pigs rang­
ing in weight from to 1000 g had a constant water content 
of 72.4^ of the fat-free body mass. From the water content 
it was possible to determine total body fat, or conversely, 
estimate the total body water from the fat content, Kray-
bill, Hankins and Bitter (1951) determined the amount of 
body water in 30 cattle of different ages and different 
degrees of fatness with the use of antipyrine. By knowing 
the percentage water, the percentage fat could be calculated. 
These values agreed closely with those determined by direct 
chemical analyses. Kraybill et aJ. (1955) performed the 
same type of experiment with 24 hogs ranging in weight from 
29 to 155 kg. They found that antipyrine is metabolized 
faster in swine than in cattle and that it binds moi'e to the 
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plasma proteins which renders the technique inaccurate. 
Reid, Wellington and Dunn (1955) indicated that for this 
technique to be accurate^ the animal must have reached its 
chemical maturity. They found that chemical maturity was 
reached at approximately of the total life span of the 
animal. 
Another Indirect method of estimating body composition 
is by determining the specific gravity of the carcass. The 
specific gravity can be determined by weighing the carcass 
in air and under water. Since the different body components 
have different densities, one can estimate the composition by 
knowing the density of the entire body. Rathbun and Pace 
(1945) working with guinea pigs developed an equation to 
predict the percent fat from the specific gravity. DaCosta 
and Clayton (1950) found that water content and specific 
gravity were highly correlated in rats and were not affected 
by diet restriction or rehabilitation. Kraybill, Bitter and 
Hankins (1952) used 50 cattle with varying degrees of finish 
to determine the specific gravity on the carcass. They 
found specific gravity values highly correlated with body 
fat and body water. Diggs et ( 1958) performed similar 
trials with swine. From the specific gravity, one can cal­
culate the percent fat, and from the fat the percent water can 
be calculated. Knowing the fat-free, water-free portion of 
the body, and knowing the energy value of these fractions. 
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one can calculate the energy content. 
Garrett and Hlnman (1969)^ working with steers, con­
firmed the relationships between carcass density and body 
composition. They determined that the fat portion of the 
body had a caloric value of 9.385 kcal/g and the dry fat-
free organic matter contained 5.559 kcal/g. 
The California workers (Garrett, Meyer and Lofgreen, 
1959; Lofgreen and Otagaki, 196O; Lofgreen, Bath and Young^ 
1962a; Lofgreen and Christensen, 1962; Lofgreen, Hull and 
Otagaki, 1962"b; Lofgreen, Bath and Strong, I965; Garrett, 
T,ofgreen and Meyer, 1964; Lofgreen, 1965; Lofgreen and 
Garrett, I968) have done extensive work in determining the 
NE requirements of beef cattle and the NE values of various 
feeds for beef cattle. These workers employed the compara­
tive slaughter technique and estimated body composition by 
the specific gravity method. 
In contrast, very little work is reported in the lit­
erature concerning NE requirements or NE values of feed-
stuffs for nonruminants. 
Shannon and Brown (1970) used respiration calorimetry 
with growing cockerels and found the ME requirement for 
maintenance to be I09.I kcal/kg/day, and that 85.1^ of the 
ME was utilized for NE. Guillaume and Summers (l970a,b) ob­
tained an average value of 117 kcal ME/kg/day for the main­
tenance requirement of the rooster. They also reported that 
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total carcass energy and efficiency of energy retention de­
creased as the protein content of the diet increased. They 
could not show that the maintenance requirement was corre­
lated with either body weight or endogenous nitrogen excre­
tion. In contrast. Velu, Baker and Scott (1971) observed 
that energy utilization was constant at all levels of ME in­
take and that 57.8$ of the ME consumed was recovered in the 
carcass of chicks. 
Jenkinson, Young-and Ashton (I967) conducted two trials 
to study energy metabolism in young pigs. The energy re­
q u i r e m e n t s  t o  m a i n t a i n  e n e r g y  e q u i l i b r i u m  w e r e  1 6 6 . 8  W " a n d  
157.4 kcal ME/day for the two trials. The DE and ME 
values were not affected by level of intake and the relation­
ship between energy intake and energy retention was linear. 
Using 32 pigs from two breeds, Sharma and Young (1970) 
reported that to maintain the pigs in energy equilibri^am, 
109 to 112 and I56 to 159 kcal ME/kg'"^ had to be supplied 
to the Lacombe and Yorkshire breeds, respectively. The 
efficiency of utilizing the ME for tissue deposition was 62^ 
for the Lacombes and 68^ for the Yorkshires. The difference 
between the two breeds in maintenance requirement and effi­
ciency of energy for production was not significant. 
Davies and Lucas (1972a^b) fed an l8^ protein diet at 
different levels to pigs weighing I8 to 80 kg. These workers 
obtained a va? le of 248.3 kcal ME/day for the maintenance 
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requirement. The DE and ME values were not affected by in­
take level. Thorbek (1969) used pigs weighing 50.5 to 85.0 
kg in respiration studies and found the relationship between 
ME intake and energy gain to be linear, and that the effi­
ciency of available ME for growth was from 60 to 72^. Her 
results were based on the maintenance requirements suggested 
by A. R. C. (1967) of 196 kcal NE/day. 
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HECTIOM J. I'lNERGY MET ABOI,ISM IN THE YOUNG PIG AS INFLUENCED 
BY LEVEL OF INTAKE AND DIET DILUTION 
Objectives 
Two trials were conducted to (l) determine the DE, ME 
and NE values of a basal diet, and (2) ascertain if dilution 
of the diet with a carbohydrate diluent would affect energy 
metabolism. 
Experimental procedures 
The trials were conducted at the Iowa State University 
Swine Unit using crossbred pigs (Yorkshire X Landrace X 
Poland China, barrows and gilts) from the University herd. 
Data for the 28-day period are reported and were analyzed 
statistically by the method of least squares (Harvey, I960).  
The pig was considered as the experimental unit. 
Experiment 7020 Fifteen pigs averaging 3 kg were 
randomly allotted from three litter outcome groups to three 
groups of five pens. Treatments were assigned at random to 
pens within each replicate. The diet, shown in table 1, was 
formulated to supply approximately two times the N. R. C. 
(1968) recommendations for young pigs to provide all 
nutrient requirements except energy when fed at low levels. 
All pigs consumed the basal diet libitum during a 5-day 
adjustment period. 
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Table 1. Composition of basal diet 
Ingredient Percent 
Ground yellow corn 15.40 
Solv. SBM (48.5^) 71.00 
Soybean oil 5.00 
DL - methionine 0.80 
L - lysine (50^), 0.40 
Vitamin premix ' 0.50 
Calcium carbonate 0.96 
Dicalcium phosphate 4.78 
Iodized salt 0.76 
Trace mineral mix 0.10 
Antibiotic 0.50 
100.00 
Exp. 7020, 7106, 7116. Contributed/kg of diet: 
5750 lU vitamin A, 429 lU vitamin D, 100 lU vitamin E, 1 
mg menadione, 17.6 mg riboflavin, 79.2 mg niacin, 55*2 mg 
pantothenic acid, 2.0 mg pyridoxine, and 44 mg vitamin Bis. 
^Exp. 7212.  Contributed/kg of diet : 3350 lU vitamin 
A, 4o4 lU vitamin D, 100 lU vitamin E, 1 mg menadione, 6.4 
mg riboflavin, 45.5 mg niacin, 19.8 mg pantothenic acid, 2.0 
mg pyridoxine, and 41.4 mg vitamin B12. 
"^Contributed/kg of diet: 191-3 mg Zn, 95.7 mg Fe, 
1.1 mg Cu, 52.6 mg Mn, 1.4 mg I, and O.96 mg Co. 
^Contributed/kg of diet: 220 mg aureomycin, 110 mg 
penicillin, and 220 mg sulfamethazine. 
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Treatments consisted of feeding levels of (l) 2^, 
(2) 3$J (3) 4-^ or (4) 5^ of body weight (Lvf). Pigs assigned 
to treatment five were killed at the beginning of the trial. 
Pigs were weighed and feeding levels were adjusted weekly. 
The pigs were housed in metabolism cages in a building 
where the temperature was maintained at approximately 26c.  
Each cage was equipped with an automatic nozzle-type waterer. 
The daily feed allotment was supplied in two equal feedings 
at approximately 12-hour Intervals. Any feed remaining from 
the previous feeding was collected^ oven dried at 520, ground 
in a Wiley mill through a 10-mesh screen, and a sample re­
tained for dry matter (DM), nitrogen (N) and energy (E) 
determinations. 
Total fecal and urine collections were made for four 
consecutive 7-day periods. The feces were oven dried at 
52c, weighed, ground in a Wiley mill through a 10-mesh 
screen, and a sample retained for DM, N, and E determinations. 
Urine was collected through glass wool into 4-liter bottles 
containing 25 ml each of concentrated hydrochloric acid and 
toluene as preservatives. A 10^ aliquot was retained and 
stored at -100 until analyzed for N and E. 
The frozen urine sample was allowed to come to room 
temperature and transferred to a separatory funnel to allow 
the toluene layer to separate. An aliquot was taken for N 
analysis. The specific gravity was measured by a refrac-
tometer and total solids were estimated from the specific 
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gravity. Another aliquot was taken to provide approxi­
mately 10 g of total solids and adjusted to pH 2 by titrat­
ing with 5N NaOH or 5N HCl. Cellulose was added to make 
the final concentration approximately 25^ of the total solid 
weight. The cellulose and urine was homogenized^ freeze-
dried, and analyzed for E. 
At the end of the trial all animals were killed by 
electric shock. The entire animal minus intestinal contents 
was stored in a plastic bag at -IOC until it was prepared 
for chemical analyses. 
The frozen carcass and offal were sawed into small 
pieces and ground four times ; once through a l8 mm die, once 
through a 10 mm die, and twice through a 4 mm die. The 
ground tissue was mixed and core samples were taken until 
approximately 300 g were obtained. DM determinations were 
made on a portion of the wet sample and the remainder was 
freeze-dried, ground through a 10-mesh screen and analyzed 
for DM, N, E, ether extract (EE), and ash. 
DM, N, EE, and ash determinations were made according 
to A. 0. A. C. (1965) methods while E was determined by bomb 
calorimetry (Parr Instrument Co., i960).  
Experiment 7106 Pigs averaging 6 kg were randomly 
assigned from three litter outcome groups to one of five 
treatments. Treatments were randomly assigned to pens 
within a replicate. The basal diet (BD) was the same as in 
the previous trial (table l). All pigs were fed BW of 
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the BD/day. Treatments consisted of the addition of Solka 
Floe fed at (l) 0$, (2) 0.15^ (5) 0.3^ or (4) 0.6^ BW. Pigs 
assigned to treatment five were slaughtered at the start of 
the experiment. Experimental procedures and sampling were as 
described for experiment 7020. 
Results and discussion 
Experiment 7020 Pigs receiving the higher levels of 
feed intake refused a considerable amount of the feed sup­
plied, and one pig receiving the 5^ BW feeding level actually 
consumed less than 2^ BW. Therefore, treatments were re­
assigned on the basis of total GE intake as follows: 
< 11;000 kcal = treatment 1, 11,000 to 17,000 kcal = treat­
ment 2, 17,000 to 24,000 kcal = treatment 3 and > 24,000 
kcal = treatment 4. 
A summary of pig performance is shown in table 2. Pigs 
consuming more feed gained more rapidly (P < .01) than pigs 
that consumed low levels of the diet. Although the dif­
ferences in feed/gain ratios were not statistically different, 
there was a general improvement in efficiency as the pigs 
consumed more feed. An explanation for this observation is 
that more energy was being consumed at the higher levels of 
intake and fewer amino acids were being deaminated for 
energy. In addition, the energy required for maintenance 
constitutes a smaller percentage of the total intake at the 
higher feeding levels. 
Table 2. Effect of intake on animal performance 
Item 
Feed intake. percent body weight 
2 3 4 5 
20.:5(20.89)^ 8 0 . 8 ( 1 8 . 9 0 )  144.5(20.89) 184.4(20.89) 
f /g  1.79(0.47) 1.69(0.43)  1.26(0.47) 0 . 9 4 ( 0 .47)  
DM,ADC, 86.7(1.45) 86.2(1.32) 85.1(1.45) 86.4(1.45) 
N,ADC,$ 8 9 . 1 ( 2 . 2 ^ )  87.1(2.02) 8 3 . 9 ( 2 . 2 3 )  87.1(2.23) 
N balance,  :^8.8(1^.17)  86.6(11.91) 137.2(13.17)  1 8 8 . 3 ( 1 3 . 1 7 )  
NPU**d 29.1(2.99)  40.8(2.71) 48.7(2.99)  52.2(2.99) 
BV*"*" e : )2 .4(2.96)  46.8(2.69)  5 8 . 0 ( 2 . 9 6 )  6 0 . 1 ( 2 . 9 6 )  
E,ADC,$ 89.2(1.49) 88.4(1.35)  8 7 . 2 ( 1 .49)  88.1(1.49) 
ADE,kcal/g 4.12(0.24) 3 . 8 0 ( 0 . 2 2 )  3.74(0.24)  3 .87(0.24)  
AME,kcal/g 3.84(0.25)  3 . 5 7 ( 0 . 2 2 )  3.53(0.25)  3 . 6 8 ( 0 . 2 5 )  
ME,^ of DE 93.0(0.56)  94.0(0.50) 9 4 . 6 ( 0 . 5 6 )  9 5 . 0 ( 0 . 5 6 )  
^Standard errors shown in parentheses. 
^ADC : apparent digestion coefficient, 
intake minus fecal W minus urinary N. 
"bala.nce as a, percentage of N consumed. 
®N balance as a percentage of N digested. 
** (P < .01). 
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Amount of feed consumed had no effect on the apparent 
digestibility coefficients (ADC) for DM, N or E, and the 
values are consistent with those of Tollett (1961) and 
Jimenez (1972). 
Nitrogen utilization subsequent to digestion increased 
significantly (P < .01) as feed intake increased, whether 
expressed as N balance, apparent nitrogen utilization 
(NPU) or biological value (BV). As feed intake increased, 
the energy intake also increased and fewer amino acids were 
deaminated for energy. 
No differences were observed because of feed intake in 
apparent DE (ADE) or apparent ME (AME) values. These re­
sults are in agreement with those of Hill and Anderson 
(1958) working with chicks, and Jenkins on e;t a2. (19^7) and 
Jimenez (1972) working with pigs. Metabolizable energy, 
expressed as a percentage of DE, averaged 94-. 1^ for the 
experiment and was not statistically different between 
treatments. Similar values have been reported by Diggs 
(1959)3 Tollett (1961),  Jenkinson et (1967)5 Sharma and 
Young (1970), and Jimlnez (1972). These findings would in­
dicate that if the DE of a diet is known, one can estimate 
the ME with a fair degree uf confluence. 
Energy gain was highly correlated with ME intake 
(r = 0.974-8). This relationship is presented in figure 1 and 
can be expressed by the equation: 
Y = 0.6899 X - 87.2756 
Figure 1. Relationship of ME intake and energy gain 
-40 
-6o 
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where Y is EG (kcal)/day/¥*^g and X is ME intake (kcal)/day/ 
W'7^. Extrapolating the line to the intercept provides an Kg 
estimate of NE^ at zero feed intake of 87.28 kcal/day/W'^g. 
According to Lofgreen (1965), the validity of estimating the 
NE values of feeds by the comparative slaughter technique is 
dependent on the accuracy of the estimate of heat production 
at zero feed intake. The assumption is made that the re­
gression line remains linear throughout the extrapolated 
portion of the line. 
A ME intake of 126.5 kcal/day/W'^g was required to main­
tain energy equilibrium. Similar values have been reported 
for chicks (Guillaume and Summers, 197 Ob ; Shannon and 
Brown, 1970) and for pigs (Jenkinson et aJ., 19^7; Sharma 
and Young, 1970; Jimënez, 1972). The difference between the 
NEm value and the ME intake value at energy equilibrium is 
indicative of the value for HI (39 kcal/day/W'^g). Divid­
ing the NE^ value by the ME intake value indicates that 69^ 
of the ME is utilized for NE. This observation is similar 
to the results of Hill and Anderson (1958), Shannon and Brown 
(1970), and Velu, Baker and Scott (1971), working with chicks 
and Sharma and Young (1970), and Jimênez (1972), working 
with pigs. The average ME value of the diet was 3.66 kcal/g 
which gives a NE value of 2.53 kcal/g. 
The linearity of the line indicates that the energy 
was utilized as efficiently for production as for main­
tenance. This finding supports the results of Jimenez (1972), 
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but is in contrast to the results obtained with cattle where 
it is reported that the efficiency of energy utilization is 
higher for maintenance than for production (Blaxter, 1956; 
Kleiber, 196I; Lofgreen and Garrett, I 9 6 8 ) .  
The effect of feed intake on body composition is shown 
in table 5- Highly significant differences (P < .01) be­
tween treatments were observed for all constituents. Pigs 
consuming more feed would be heavier at the end of the trial 
and would be expected to have higher absolute amounts of 
body constituent. To detect real differences the values 
were computed on a percentage basis and are shown in table 4. 
Significant differences (P < .01) were observed in DM, water, 
EE, and E. The DM and water contents were inversely related 
and pigs that had been fed for 28 days contained less DM and 
more water than the initial slaughter group. Pigs fed for 
28 days lost both EE and E from the body as compared to the 
initial slaughter group. The inverse relationship between 
body water and body fat is also demonstrated. No differences 
were observed in N or ash contents. It has been found by 
many other workers that N and ash remain relatively con­
stant while water and fat proportions are constantly chang­
ing when expressed on a percentage basis. 
Experiment 7116 Pig performance data are summarized 
in table 5. Some variability was observed between treatments 
in average daily gain (ADG) and feed/gain ratios; however, 
I 
the differences were not significant. 
Table 5. Effect of intake on carcass composition 
Feed intake, percent body weight 
Item 2 3 4 5 IS* 
1 0 5 2 . 4 ( 1 2 9 . 4 3 ) ^  1 5 5 3 . 7 ( 1 1 9 . 8 3 )  1 9 3 2 . 9 ( 1 2 9 . 4 3 )  2 3 5 5 . 6 ( 1 2 9 . 4 3 )  1 3 1 5 . 6 ( 1 1 9 . 8 3 )  
HzOjg** 3819.3(357.54) 5044.3(331.02) 6158.1(357.54) 7260.3(357.54) 3072.7(331.02) 
121.4(12.85) 167.0(11.90) 202.5(12.85) 242.1(12.85) 109.4(11.90) 
EEag** 63.4(47.06) 244.0(43.57) 325.6(47.06) 465.6(47.06) 479.9(43.57) 
E^kcal** 4909.4(759.68) 8049.7(703.32) 10199.2(759.68) 12815.7(759.68) 8059.4(703.32) 
A 8 h , g * *  1 8 8 . 6 ( 1 9 . 0 7 )  2 3 0 . 8 ( 1 7 . 6 5 )  2 8 1 . 0 ( 1 9 . 0 7 )  3 0 6 . 8 ( 1 9 . 0 7 )  1 4 6 . 6 ( 1 7 . 6 5 )  
^Initial slaughter treatment. 
^Standard errors shown in parentheses. 
** (P < .01). 
Table 4. Effect of intake on carcass composition (percent) 
Item 
Feed intake, percent body weight 
21.6(0.61)^ 2 5 . 6 ( 0 . 5 7 )  2 5 . 7 ( 0 . 6 1 )  24. 5 ( 0 . 6 1 )  2 9 . 9 ( 0 . 5 7 )  
HgO,#** 7 8 . 4 ( 0 . 6 1 )  7 6 . 4 ( 0 . 5 7 )  7 6 . 5 ( 0 . 6 1 )  7 5 . 5 ( 0 . 6 1 )  7 0 .1(0.,37) 
2 . 4 7 ( 0 . 0 5 )  2 . 5 5 ( 0 . 0 4 )  2 . 4 9 ( 0 . 0 5 )  2 . 5 1 ( 0 . 0 5 )  2 . 4 9 ( 0 . 0 4 )  
EE,#** 1.55(0.44) 5.75(0.41) 5.97(0.44) 4.77(0.44) lC.90(C.4l) 
E,kcal/g»* 1.01(0.04) 1.22(0.04) 1.25(o.o4) 1.55(0.04) 1.85(0.04) 
Ash,# 5 . 9 2 ( 0 . 1 9 )  5 . 4 7 ( 0 . 1 7 )  5.44( 0 . 1 9 )  5.24( 0 . 1 9 )  5 . 5 5 ( 0 . 1 7 )  
iniliiQii Dime's g r "irWfiitnij 
nil zm o zzrcczc a nzco ocSTX O cj i 01 ocx oiix c, zx o m 
^Stiaxiciarci errors shown. ±n parentheses. 
** (P < .01). 
Table 5. Performance of pigs; fed differing levels of Solka Floe 
Level of Solka Floe, percent body weight 
Item 
0 0.15 0.30 0.60 SE^ 
ADG,g 150.6 129.1 1 2 8 . 2  159.4 11.17 
F/G 1.47 1 . 5 6  1 . 6 5  1 . 6 1  0.09 
DM, ADC,5^**^ 85.3 79.7 77.1 70.1 0.52 
N,ADC,^** 89.1 87.0 87.5 84.3 0 . 6 1  
N balance,gC 1 6 7 . 2  1 2 8 . 3  1 3 2 . 6  163.0 10.92 
NPU^ 44.2 40.4 41.0 4 4 . 9  2 . 2 1  
BV® 49.6 46.5 46.9 53.3 2.54 
E^ADC,$** 87.4 8 2 . 2  80.2 73.4 0.56 
ADE,kcal/g** 3.67 3.46 3.37 3.05 0.02 
AME,kcal/g*-* 3.44 ro
 
3 . 1 6  2 . 9 0  0.02 
ME,# of DE 93.9 93.6 93.9 94.9 0.27 
^Standard error. 
^ADC : apparent digestion coefficient, 
intake minus fecal N minus urinary N. 
balance as a percentage of N intake, 
balance as a percentage of N digested. 
** (P < .01). 
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Highly significant differences (P < .01) were noted 
in the ADC for DM, N, and E indicating that as the Solka 
Floe portion of the diet increased, the animals became less 
efficient in utilizing their feed. An inverse relationship 
between level of fiber in the diet and the ADC of organic 
nutrients has been reported by several workers (Teague and 
Hanson, 195^; Lloyd and Crampton, 1955; Whiting and Bezeau, 
1957a; Glover and Duthie, 1958; Likuski, Bowland and Berg, 
1961 ; Pond, Lowrey and Maner, 1962; Boenker e;t a2., 19^9; 
Bowland e^ aJ., 1970; Keys, Van Soest and Young, 1970). 
No differences due to treatment were observed in N 
balance, NPU, or BV. Whiting and Bezeau (1957a,b) re­
ported that increased fiber in the diet increased the 
metabolic fecal N, but had no effect on the BV. Similar 
findings were reported by Cunningham et a2. (1962) and 
Boenker ^  a2. ( 1 9 6 9 ) .  
Digestible energy and ME values were significantly re­
duced (P < .01) by increasing level of fiber in the diet. 
Bowland et aJ. (l970) reported similar findings. Metabo-
lizable energy as a percentage of DE was not affected by 
fiber in the diet and the average value was similar to that 
in experiment 7020. 
Contradicting reports are found in the literature as to 
the pigs ability to utilize fiber. The data of Woodman and 
Evans (1947a,b) and Forbes and Hamilton (1952) indicate that 
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pigs weighing to 100 kg can use fibrous feeds quite 
extensively. In contrast^ other workers (Mitchell and 
Hamilton, 1955j Teague and Hanson, 1954; Hanson et al., 
1956; Jensen ^  aJ., 1959; Cunningham et al., I96I; Jimenez, 
1972) report that swine are essentially unable to break­
down and use fiber. Pigs in these studies weighed from 4 to 
100 kg. 
The observed ME values from this trial were compared to 
expected ME values (table 6). The expected ME values were 
calculated by assuming that none of the energy in Solka Floe 
was utilized. The differences between the observed and 
expected values were very small, indicating that essentially 
none of the energy in Solka Floe was utilized by this size 
pig. 
Significant differences (P < .01) were observed in all 
carcass parameters except EE when expressed as total values 
(table 7). However, these values reflect differences in pig 
size so the treatment effects were analyzed on a percentage 
or kcal/g basis (table 8). Carcass N was the only body 
parameter affected (P < .01) by treatment. The differences 
are actually quite small and the significance can be attrib­
uted to the very small SE. Carcass W remains quite con­
stant and the observed differences are within the range of 
biological variation. Since no differences were observed in 
carcass E values on a kcal/g basis one could conclude that 
Table 6, Utilization of Solka Floe 
Level of Solka Floe, pereent body weiglit 
Item 
0 0.15 0.30 0.60 
ME,keal/g (observed) 3.44 3.24 3.16 2.90 
MEjkcal/g (expeeted) 3-44 3-28 3-12 2.86 
Difference - -.04 0.04 0.04 
Table 7- Effect of fiber level on carcass composition 
Level of Solka Floe, percent body weight 
Item 
0 0.15 0.30 0.60 IS®- SE^ 
2 6 0 2 . 9  2279.8 2218.4 2461.6 1360.7 1 1 1 . 8 8  
HsO.g** 7765.. 4 6633.8 6755.6 7768.4 3875.3 296.09 
N,g** 272.5 233.6 2 3 2 . 9  257.1 133.4 10.10 
EE,g 447. .  0  458.8 370.5 405.3 325.0 54.70 
Ejkcal** 13471.2 12246.7 11525.7 1 2 7 9 7 . 1  7627.9 722.76 
Ashjg** 374.2 315.2 329.5 351.7 1 7 6 . 7  14.11 
^Initial slaughter treatment. 
^Standard error. 
** (P < .01) . 
Table 8. Effect of fiber level on carcass composition (percent) 
Item 
Level of Solka Floe, percent body weight 
0 0.15 0.30 0.60 IS^ SE^ 
D M , ^  2 5 . 1 0  25.45 24.79 24.07 2 6 . 0 5  0 . 6 1  
H g O , *  7 4 . 9 0  7 4 . 5 5  7 5 . 2 1  7 5 . 9 3  7 3 . 9 5  0 . 6 1  
2 . 6 3  2 . 6 2  2 . 5 9  2 . 5 1  2 . 5 4  0 . 0 1  
EE,$ 4.32 5.02 4.19 3.96 6.03 0.62 
E,kcal /g 1 . 3 0  1 . 3 6  1 . 2 9  1.25 1.46 0.05 
3.63 3.53 3.70 3.43 3.37 0.15 
^'Initial slaughter treatment. 
^Standard error. 
** (P < .01). 
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the energy contained in Solka Floe was not being utilized 
by the pigs. Baird, McCampbell and Allison (1970) included 
3.5 to 11.5^ fiber in the diet and found no differences in 
physical carcass measurements. Bowland e^t aJ. (1970) 
added 5 to 12^ crude fiber in the diet and concluded that 
deposition of lean and fat do not vary with increasing 
amounts of crude fiber if the DE intake remains constant. 
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SECTION II. ENERGY VALUES OF CORN MD OATS FOR YOUNG SWINE 
Objectives 
The two trials were conducted to determine the DE, ME, 
and NE content of corn and oats when fed to young swine. 
Experimental procedures 
E^qjeriment 7116 Sixteen pigs averaging 5 kg were ran­
domly allotted from four litter outcome groups to four rep­
licates of four pens. Treatments were assigned at random 
to pens within each replicate. The BD was the same as that 
used in section one (table l), All pigs were fed 3^ BW of 
the BD per day. Treatments consisted of additional finely 
ground corn supplied at (l) 0^, (2) 1$ or (3) 2^ BW. Pigs 
assigned to treatment four were killed at the start of the 
experiment. Experimental procedures and sampling were as 
described in section one, except that the feces were col­
lected daily and stored in IN HCl until preparation for 
chemical analysis. 
The fecal and HCl composite was homogenized. An aliquot 
was obtained, adjusted to pH 2 with 5N NaOH or 5N HCl, and 
freeze-drled. The analytical determinations were then con­
ducted on the freeze-drled material. 
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Experiment 7212 Sixteen pigs averaging 6 kg were 
selected from four litters and randomly assigned to pens 
within a replicate. Treatments were randomly assigned to 
pens. The composition of the BD changed slightly because 
a different vitamin premix was used (table l). The BD was 
supplied to all pigs at 3^ BW, and treatments were finely 
ground oats fed at (l) 0^, (2) 1^ or (5) 2^ BW. The oats 
were Multl Line E70 variety, weighed 15-7 kg/bu, and con­
tained 26.5^ hull. Procedures and sampling were as de­
scribed for experiment 711^. 
Results and discussion 
Experiment 711b A summary of pig performance is 
shown in table 9. Significant differences (P < .01) were 
observed in ADG and feed/gain ratios, with pigs receiving 
added com growing faster and utilizing their feed more 
efficiently. The pigs receiving the BD only (treatment l) 
were limited in energy intake ; consequently these pigs were 
breaking down or utilizing protein for energy, which is an 
inefficient process. Pigs gained increasingly faster as 
they received more energy through increased corn in treat­
ments two and three. However, iS BW corn (treatment 2) in 
addition to the BD was enough to optimize feed/gain. 
A significant increase (P < .05) was noted in the ADC 
for DM when corn was added as compared to feeding the BD 
alone. However, the ADC of DM for the BD was lower in this 
Table 9. Jiffect of added corn on animal performance 
Level of corn, percent body weight 
Item 
0 1 2 
ADGjg** 132.7 245.1 341.5 H
 
ro
 
H
 
F/G** 1.50 1.17 1 . 1 7  0.06 
m,ADC,#*b 83.7 85.5 85.6 0.42 
N,ADC,# 85.1 84.8 84.7 0 . 8 9  
N balance^g** lAO.O 2 0 1 . 3  277.5 10.35 
NPlT**d 43.6 53.7 6 0 . 2  1.59 
BV**e 51.3 63.3 7 1 . 2  ro
 
H
 
0
 
E,ADC,# 87.9 87.8 8 7 . 2  0.41 
ADE,kcal/g** 3.73 3.65 3 . 6 1  
(M 0 
0
 
AMEjkcal/g 3.55 3.53 3.50 0.02 
ME,# of DE** 95.1 96.5 97.2 0.20 
^Standard error. 
^ADC : apparent digestion coefficient. 
intake minus fecal K" minus urinary N. 
balance as a percentage of N intake, 
balance as a percentage of N digested. 
* (P < .05). 
**(P < .01). 
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trial than for the same diet in the first two trials. No 
explanation for this decrease is apparent. No differences 
were observed in the ADC values for N or E. Pigs receiving 
energy from additional corn retained significantly (P < .Ol) 
more N, whether expressed as N "balance^ NPU, or BV. This 
observation emphasizes the lack of energy and the inefficient 
process of utilizing protein for energy (treatment l). As 
more corn was added to the BD, a significant (P < .01) de­
crease in DE was observed. Corn has less DE than the BD and 
as more corn was added the DE/kg of the total diet decreased. 
Metabolizable energy values were not significantly affected 
by treatment J although there was a linear decrease in the 
values as corn was added to the BD. This observation indi­
cates that although the pigs with added corn were digesting 
and absorbing less energy, on a per unit basis, they were 
retaining more of the energy that was absorbed. Thus, ME 
as a percentage of DE increased significantly (P < .01) as 
the amount of com increased. Diggs (1959) found that ME 
averaged 81.5^ of the DE for high protein feeds, but in­
creased to an average of 9^-8^ for the cereal grains. These 
observations can be attributed to an improved calorie ; pro­
tein balance and less protein catabolism for energy purposes 
as additional corn supplied more energy. 
Carcass composition data are shown on a total body 
basis in table 10 which merely represent differences in pig 
Table 10. Effect of diet on carcass composition 
Level of corn, percent body weight 
Item 
DM, g** 
EE,g* 
0 
2276.4 
6877.1 
2154.7 
358.4 
E,kcal-^* 113:51.8 
Ash^g*-* 320.9 
3089.7 
9023.8 
328.1 
643.0 
16257.0 
401.3 
4008.3 
11190.7 
400.6 
1049.3 
22064.4 
459.0 
IS 
1354.7 
3804.3 
131.0 
350.6 
7505.3 
167.4 
SE 
272.60 
550 .48 
22.27 
136.63 
1811.07 
25.53 
^Initial slaughter tresitment. 
^Standard error. 
* (P < .05). 
** (P < .01) 
Table 11. Effect of diet on carcass composition (percent) 
Item 
EE,^* 
Ejkcal/g* 
Ashj^ 
Level of corn, percent body weight 
0 12 IS^ SE^ 
24,7 
75.3 
2.78 
3.84 
1.25 
3.50 
25.0  
75.0 
2.70 
4.84 
1.30 
3.35 
26 .0  
74.0 
2.64 
6.46 
1.41 
3.02 
2 6 . 1  
73.9 
2.55 
6.56 
1.44 
3.25 
0.49 
0 . 4 9  
0.03 
0.51 
0.05 
0.17 
^Initial slaughter treatment. 
^Standard error. 
* (P < .05). 
** (P < .01) 
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weight. The data in table 11, shown on a percentage basis, 
indicate significant differences due to treatment in carcass 
N (P < .01), EE (P < .05) and E (P < .05). The highest N 
content was observed in the pigs receiving the BD only. As 
corn was added to the diet the percent carcass N decreased^ 
however, it was higher in all treatments than that observed 
in the initial slaughter group. Carcass EE and E values in­
creased as com was added to the diet; however, they did not 
equal the values of the initial slaughter group. 
Apparent DE (ADE), apparent ME (AME) and NE values of 
the BD were obtained from this and the previous trials. By 
assuming, as Diggs (1959) and Tollett (1961) did, that the 
addition of another feed ingredient to the BD would not affect 
the energy utilization of the BD, the energy values of the 
added ingredient could be determined. Any increase in the 
energy value of the feces excreted by pigs fed the added 
ingredient, as compared to the feces of pigs fed only the 
BD, would be attributed to the undigested portion of the 
added ingredient. The AME could be estimated by observing 
the increased excretion of urinary energy by pigs fed the 
added ingredient compared to the urinary energy of pigs fed 
the BD alone. Similarly, the iME value of the ingredient 
could be estimated by determining the energy gain per in­
crement of feed ingredient consumed. 
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A summary of the energy values of corn on an air dry 
basis is shown in table 12. Average values and standard 
deviations were: GE = 3.9589 ± 0.025^ DE = 5.4297 ± 0.051, 
AME = 5.3204 ± 0.052, TME = 3-1590 ± 0.125 and NE = 2.328? 
± 0,432. These values were derived from the energy values 
of the BD. However, one must keep in mind that the added 
ingredient could affect the digestibility and metabolism of 
the BD. 
The GE value is in the range of 3.897 to 4.051 kcal/g 
reported by Diggs (1959). The average ADC of E of the 
finely ground com was 86.6^. This is in close agreement 
with those of Garrigus and Mitchell (1935) who reported 
values of 84.5 and 86.9^ for whole corn and ground com, 
respectively. These workers used pigs weighing 6l to 89 kg. 
Diggs (1959) used pigs averaging 14 kg and reported an E 
digestion coefficient for com of 85.6$. Tollett ( I 9 6 1 ) ,  
using pigs averaging 16 kg, reported ADC values of 87r4 and 
87.2^ for ground corn and cracked corn, respectively. These 
data would indicate that the age of pig has little effect on 
the E digestibility coefficient of corn. 
The AME of com found in this study is within the range 
of 3.172 to 3.505 kcal/g found by Diggs (1959). The AME 
averaged 96.5^ of the DE when 1^ B¥ of corn was added and 
97.2^ when 2^ BW of com was added to the BD. Diggs (1959) 
reported values of 97.1 and 99.1$ in two trials. The BD used 
Table 12. Energy values for com (kcal/g) 
Level of corn, percent body weight 
Replicate 
DE 3.5360 
AME 3.3942 
TME 3.2029 
NE 2.5949 
3.3963 
3.2140 
3.1067 
1.5343 
3.3946 
3.3226 
3.1945 
2.8312 
3.4137 
3.3237 
3.1277 
2 . 7 9 6 5  
3.3628 
3.2834 
3.0860 
2 . 1 1 3 9  
3.4373 
3.3638 
3 . 1 8 7 6  
2.2638 
3.4790 
3.3160 
3.2097 
2.4326 
3.4175 
3.3452 
3.1569 
2.0624 
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in both of these studies contained over 35$ protein. When 
the diet was fed at low levels, energy intake was limiting 
and protein was being catabolized for energy. As additional 
corn was supplied, less protein was catabolized for energy 
and the metabolic processes became more efficient. 
Data revealing the relationship between N intake and N 
retention were obtained from all pigs in the four trials 
which had received the BD only. Level of feed intake ranged 
from 2$ to 5$ BW. A linear correlation coefficient of 
0.9575 was observed between N Intake and N retention 
(figure 2). The linear regression equation was 
Y = 0.5260 X - 23.7282 
where Y is N intake/day and X is N retention/day. This 
regression was used to estimate the N retention contributed 
by the BD. The difference between the total N retention and 
the estimate of the contribution of the BD was attributed to 
the test ingredient. The grams N retained attributed to the 
test ingredient was multiplied by 7.451 kcal, which was the 
average energy/g of urinary N obtained in this trial. The 
product of this calculation was subtracted from the AME value 
to obtain the true metabolisablc energy (TME) value. 
The TME value of corn obtained was 5.1590 kcal/g and 
averaged 95.1$ of the AME value. TME values for corn have 
been reported by other workers: Garrigus and Mitchell (1955)j 
5.791 kcal/g; Diggs (1959)j 5-400 and 5-095 kcal/g; Tollett 
Figure 2. Relationship of N intake and N retention 
N retention, g/d 
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(1961), 3.497, 5.426 and 3.432 kcal/g. These discrepancies 
can be attributed to many factors, namely: differences in 
com varieties, diets used, technique, and biological var­
iation within the species. 
The NE value of corn was calculated by the following 
equation: 
(NE^day/W*^^ X X 28 days + EG) - (g BD X NEg^) 
g corn consumed 
where the value for NE^/day/W'"^^ (87 .26)  was obtained from 
experiment 7020, and the value for NEg^ was calculated from 
the first two trials. An average NE value for corn of 
2.3287 kcal/g was obtained. Based on the results of exper­
iment 7020, this value would be the same for NE and NE . 
m p 
The value obtained from individual pigs ranged from 1.53^3 to 
2.8312 kcal/g which must be attributed to biological varia­
tion. Armsby (1917) reported the TiE value of com for swine 
to be 118.82 therms/100 lb (2.6l4 kcal/g) while Mitchell and 
Haines (1927), working with chickens, obtained a NE value for 
corn of 1285 kcal/lb (2.827 kcal/g). 
The average NE value of com is 70^ of the AME value 
which is very similar to that calculated for the BD in ex­
periment 7020. Net energy-values averaged 74^ and 52^ of the 
TME and GE, respectively. 
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Experiment 7212 Pig performance data are given in 
table 15. Standard error varied among treatments because 
one pig on treatment refused to eat and died. Pigs fed 
additional oats gained significantly (P < .01) faster than 
pigs fed the BD. Although feed/gain figures were not sig­
nificantly different, there was a general reduction in feed 
required/unit of gain as the energy of the diet increased 
through the addition of oats. 
The ADC values were significantly reduced for DM 
(P < .01), N (P < .05), and E (P < .01) as oats was added 
to the BD. This observation can be attributed to the high 
fiber content in whole oats (approximately 11^). Pigs of 
this size are essentially unable to breakdown and utilize 
fiber as was shown in experiment 7106 .  
Nitrogen utilization (N balance, NPU, and BV) was sig­
nificantly (P < .01) increased by the inclusion of oats in the 
diet. As oats were added in the diet, more energy was avail­
able for metabolism, and even though less N was digested, on 
a percentage basis, more was retained in the body because 
the animal did not have to utilize protein for energy. 
Digestible energy and ME values were significantly 
(P < .01) decreased as oats made up a greater part of the 
diet. The GE value of oats is only 0.1 kcal/g less than 
that of the BD; therefore, the significant decrease in the 
energy values would have to be attributed to the greater 
Table 13. Effect of added oats on animal performance 
Level of oats, percent body weight 
Item 
0 1 2 
ADG,g** 125.0(10.53)^ 1 8 9 . 3 ( 1 0 .53) 3 1 6 . 7 ( 1 2 . 8 9 )  
F/G 1 .50(0 .05)  1 .44(0 .05)  1 .27 (0 . 06 )  
84.25(0.46) 79.05(0.46) 7 6 . 6 1 ( 0 . 5 6 )  
88 .70(0 .62)  86 .76(0 .62)  8 5 . 0 2 ( 0 . 7 6 )  
N balance,g**c 126 .59(10 .47)  183 .88(10 .47) 293.99(12.83) 
NPU**d 40 . 22 (1 .76)  48.28(1.76) 5 7 . 9 9 ( 2 . 1 6 )  
BV**G 45.34(2.21) 55 .65(2 .21)  6 8 . 2 9 ( 2 . 7 1 )  
E ,ADC,$**  87 .74(0 .47) 8 3 . 1 6 ( 0 .47) 8 0 .54( 0 .57) 
ADE,kcal/g** 3 .76(0 .02)  3 . 5 0 ( 0 . 0 2 )  3.46(0.02) 
AME,kcal/g** 3 .54(0 .02)  3.34(0.02) 3.34(0.03) 
ME,#  o f  DE**  9 3 . 8 7 ( 0 . 3 0 )  95.36(0.30) 9 6 . 5 8 ( 0 .37) 
^Standard errors shown in parentheses. 
^ADC : apparent digestion coefficient, 
intake minus fecal N minus urinary N. 
balance as a percentage of N intake, 
balance as a percentage of N digested. 
* (P < . 05 ) .  
** (P < . 01 ) .  
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fiber content which the pig cannot utilize. Metabolizable 
energy, as a percentage of DE, significantly (P < .01) in­
creased as oats were included. This finding agrees with that 
of Diggs (1959) and experiment 711G, where ME as a percen­
tage of DE is greater for the cereal grains than for high 
protein diets. 
Body composition data are summarized on a total body 
basis in table l4 and on a percentage basis in table 15. The 
significant differences (P < .01) in all body constituents 
in table l4 are due simply to differences in pig weight. 
Nitrogen was the only body component revealing significant 
differences (P < .01) when analyzed on a percentage basis 
(table 15) .  
A summary of the energy values of oats on an air dry 
basis is given in table 16. These values were obtained from 
the energy values of the BD as was described in the previous 
experiment. 
The average ADC of the energy in ground oats was 68.9^-
The much lower ADC value of oats as compared with that of 
com is because oats contain more fiber, which is not di­
gested. This value is in close agreement with the calcu­
lated value from N. R. C. (i960) of 68.3$. Calculations 
made from the data of Diggs (1959) indicated an ADC for 
ground oats of 67.1#. 
Table 14. Effect of diet on carcass composition 
Item 
Level of oats, percent body weight 
0 12 IS^ 
2034 .2 (65 .21)^  2521 .8 (65 .21)  5523 .2 (78 .58)  1417 .9 (65 .21)  
HgOjg** 6275.6(258.02) 7222.9(258.02) 10074.8(310.10) 4140.5(258.02) 
EE,g** 510.9(55.59) 459.3(55.59) 677.9(42.55) 506.8(55.59) 
n,g** 224.7(8.04) 271.6(8.04) 572.2(9.66) 144.7(8.04) 
E^kcal** 11559.5(555.28) 14212.5(555.28) 19748.9(426.99) 8211.5(555.28) 
Ash^g** 284.8(12.00) 524.4(12.00) 451.5(14.42) 175-2(12.00) 
^Initial slaughter treatment. 
^Standard errors shown in parentheses. 
** (P < . 01 ) .  
Table 15. effect of diet on carcass composition (percent) 
Item 
DM,# 
HeO,# 
N,#** 
EE J  
E,kcal/g 
Ash,# 
Level of oats, percent body weight 
0 12 IS®" 
24.7(0.40)^ 
75.3(0.40) 
2.70(0.02) 
3.76(0.41) 
1.37(0.05) 
3 .41(0.10) 
25.9(0.40) 
74.1(0.40) 
2 .78(0 .02)  
4.72(0.41) 
1.46(0.03) 
3 . 3 2 ( 0 . 1 0 )  
25.9(0.48) 
74.1(0.48) 
2 .73(0 .02)  
4.84(0.49) 
1.44(0.04) 
3.20(0.13) 
25 .5 (0 .40) 
74.5(0.40) 
2 .60(0 .02)  
5 .49(0 .41)  
1.48(0.03) 
3 .16(0 .10)  
^Initial slaughter treatment. 
^Standard errors shown in parentheses. 
(P < .01). 
Table l6. Energy values of oats (kcal/g) 
Level of oats, percent body weight 
Item -, 
Replicate 
GE 2.9852 3.9854 3.9854 3.9853 4.3104 4.3105 4.3105 
DE 2.7055 2.5959 2.9049 2.6993 3.1283 2.9565 2.9228 
AME 2.5321 2.4501 2.8381 2.5778 2.9845 2.9033 2.8069 
TME 2.4149 2.3437 2.6904 2.4734 2.8383 2.7010 2.6384 
NE 1.3729 1.1994 1.6056 1.2160 1.6102 1.5313 1.2725 
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The average ADE and MV. values for oats of 2.8445 and 
2.7275 kcal/g were calculated from the data in this trial. 
Diggs (1959) reported values of 2.796 and 2.756 for the 
ADE and AME values of ground oats, respectively. 
The TME value of oats was calculated as described for 
corn, except that a value of 7.855 kcal/g of urinary N was 
used in this trial. A TME value of 2.5862 kcal/g for oats 
was found. Diggs (1959) reported a TME value for oats of 
2.679 kcal/g while Tollett (1961) observed a value of 3.334 
kcal/g. With chicks. Potter and Matterson (i960) obtained 
a TME value of 2 .508  kcal/g for oats and Hill et eJ. ( i960)  
reported a value of 2.6l8 kcal/g. 
The NE value for oats was obtained using the procedure 
described for experiment 7II6. Some variability was ob­
served with values of individual pigs ranging from 1.1994 to 
1.6102 kcal/g. The average NE was 1.4011 ± O.18 kcal/g. 
The NE value in this trial was 51$ of the AME and 54$ 
of the TME. The efficiency of conversion of ME to NE was 
considerably lower for oats than for the BD or corn. A 
possible explanation for the difference is that the in­
creased fiber in the diet from the inclusion of oats pro­
duced a higher HI value, which would decrease the efficiency 
of energy utilization. 
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GENERAL DISCUSSION 
The data in these studies indicate that ME was used as 
efficiently for NE^ as for NE^. This was determined by 
feeding the BD at levels above and below the energy equilib­
rium level without the regression line deviating from lin­
earity. It is postulated that any diet fed at different 
levels will form a linear regression line intercepting the 
Y axis at approximately -8C to 90 kcal/day/W'^^ which is an 
estimate of the NE^ requirement (figure 5)- Differences 
which will arise between diets are changes in the slope of 
the line or changes in the net energy of the diet. In other 
words, a diet with a high HI value associated with it will 
decrease the slope of the line, and more ME will be required 
to keep the animal in energy equilibrium. The NE^ require­
ment, however, should not change as a consequence of the diet, 
nor should there be different values for NE_ and NE of a 
m p 
feedstuff. 
This theory is in contrast to the results obtained with 
beef cattle by the California workers who reported different 
energy values of feedstuffs for NE^ and NE^. However, it is 
confusing why these researchers employed the logarithm of heat 
production to get a linear relationship between heat produc­
tion and ME intake, both expressed in kcal/day/W'"'". The 
diets used in all trials were fed above maintenance. Since 
no observations were made below maintenance, the extrapolation 
Figure 5- Relationship between ME intake and energy 
gain between diets 
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of the regression to zero ME intake to obtain require­
ments can be questioned. The California workers obtained 
much higher estimates for NE^ (72 to 82 kcal/W'"^^) than have 
others (3)8 to 56 kcal/W'^^) working with ruminants and using 
direct or indirect calorometric methods (Reid and Robb, 
1971). By plotting the data of Lofgreen and Garrett (1968)  
as heat production in kcal/day/V'^^ against ME intake in the 
same terms^ a regression line is obtained which, when extra­
polated, intercepts the Y axis at approximately 40 kcal-
/day/W'^5, which is the estimate of the NE^ requirement. 
Further calculations of the data provide a value of 0.624 
kcal/g for a 100^ roughage diet, which is both NE^ and NE^ 
of the diet. This value can be compared to 1.20 kcal/g for 
NE^ and 0.50 kcal/g for NE^ reported by Lofgreen and 
Garrett (1968) .  
Studies to determine the ME intake of swine for energy 
equilibrium have provided values from 109 to I67 kcal/day/w"^-. 
The value reported in this study was 126.5. However, this 
value will vary with diet and environment. Animals attached 
to a respiration apparatus or confined in metabolism cages 
lead a somewhat sedentary life as compared with animals under 
practical farm conditions. In addition, temperature is held 
more constant during research experiments, which subjects the 
animals to less stress during inclement weather. 
An area of concern in analyzing the data from metabolism 
trials is the technique used to equalize animals of different 
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body size. From the classical experiments of Kleiber and 
Brody (Brody, 1964) it was observed that basal metabolism was 
constant when the weight of the animal was expressed as an 
exponential (W^). The exponent b in these studies ranged 
from 0.70 to 0.75. At a world energy symposium, the value 
for the exponent b was chosen to be 0.75. Even though these 
studies were conducted with animals of different species, from 
mice to elephants, they were all mature animals. According to 
Brody (1964), the metabolism of growing animals is different 
and one must determine a value for the exponent b from actual 
data. 
The value of -^as chosen in this study and a highly 
correlated linear relationship was obtained between ME 
intake/W'^5 and energy gain/W*"^^ (r = 0.9748). The data were 
also expressed on a straight body weight function (¥^'°) with 
the relationship between ME intake and energy gain remaining 
linear (r = 0.9520). The English workers use as the 
physiologically effective body size based primarily on the 
works of Breirem and Kielanowski (A. R. C., I967). Values of 
the exponent b for other species have been reported: dogs, 
0.6; birds, 0.66; and rabbits, 0.82 (Brody, 1964). 
A question also arises as to whether associative effects 
are affecting the results. Associative effects refers to the 
phenomenon of a greater production value from a mixed diet 
than from the sum of the individual ingredients. In these 
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studies it was assumed that associative effects were not in­
fluencing the results. Moe, Flatt and Tyrrell (1972) postu­
lated that associative effects are more likely to occur when 
one or more of the ration components are nutritionally Im-
balanced. When nutritionally balanced diets are employed, as 
was the basal diet in these studies, the effects can be con­
sidered negligible. 
Many energy studies have been conducted to establish the 
most precise method to evaluate animal feeds. Researchers 
have proposed on different occasions to use either DE or ME 
in formulating animal diets. Digestible energy values are 
easily determined and have high precision, while ME values 
can be calculated from DE values with a fair degree of con­
fidence. However, in these studies It was observed that one 
of the major differences in feedstuff utilization is in their 
KI values, which DE and ME do not consider. Nehrlng and 
Haenlein (1975) also reported that performance of animals 
cannot be predicted directly from contents of ME in feeds. 
Thus, the net energy system should be the most accurate method 
to state animal requirements and evaluate feedstuffs. 
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SUMMARY 
Four trials were conducted to study energy metabolism in 
the young pig and to determine the energy values of impor­
tant swine feedstuffs. 
Feeding the basal diet from 2^ to 5^ body weight did 
not affect the dry matter (DM)^  nitrogen (N), or energy (E) 
apparent digestibility coefficients, nor the digestible 
energy (DE), metabolizable energy (ME), or net energy (NE) 
values of the diet. Metabolizable energy averaged 9^^ of 
DE. 
A highly correlated linear response was observed be­
tween ME intake and energy gain, both expressed on a meta­
bolic weight basis (W*^^). The net energy for maintenance 
(NE^) requirement of the young pig was found to be 87.26 
kcal/day/W'75, pigs utilized 69^ of ME for NE for either 
maintenance or production. 
Feeding a cellulose diluent (Solka Floe) with the basal 
diet had no effect on body weight gain or feed/gain ratios. 
However, apparent digestibility coefficients and energy 
values of the diet decreased. It was observed in this study 
that the energy in Solka Floe is not utilized by young pigs. 
The effects of added corn to the basal diet were in­
creased and more efficient gains. Apparent digestibility 
coefficients remained constant, while DE and ME values de­
creased. Approximately 59^ of the gross energy (GE) and 70^ 
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of the ME of corn were converted to NE. 
, Oats added to the basal diet increased gains and im­
proved feed/gain ratios; however, the apparent digestibility 
coefficients and energy values decreased. Only 3^^ of the GE 
and 51^ of the ME of oats were used for NE. 
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